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Properties of Barium-Magnesium Titanate Dielectrics

By George B. Shelton, Ansel §. Creamer, and Elmer N. Bunting

Dialestrios having catopositions in the eystem BaTiOy-4MgD:Ti0x-Ti0: were matured
(losa than 4,19 of absorption) at 1,275 to 1,425% C.  Dats sre given for the dislectric con-
atant K at a fraquency of 1 mefs and various tempersatures from —#0° to +85* €, and for
7, the reciproeal of the power factor, at 25° C and frequenciss of 50, 1,000, and 20,000 kofs

snd 3,000 mcfs.

Values of X {1 me/z and 26 C) ranged fromn 12 to 1550 snd those of O

from 9 to 10,000, Values of K decressed, and those of ) increseed for several weels pfter
mpecimens were matured, when the conteat of BaC was greater than 30 percent and that of

Titk lens than A0 percent.

Partial roatoration of the original values of K &od @ resulted

from hesting these speditaens st various temperatures for brief periods. Linear thermal

expapsion {25° to 7007 C) ranged from 0.46 to 0.71 percent.

A fow specimens of barfum-

etrontium titsnate wore tested for the efects of thermal bistory on the properties.

I. Introduction

This is the second paper pertaining {o ceramic
dielectrics composed of titanium dicxide and the
oxides of the alkaline earth elements. FPrevious
work, by the present investigators, on barium-
strontium titanate dielectrica [1]! indicated the
nsefulness of these materials in the fields of elac-
trical ecormmunicetions and instrumentation.

Some of the properties of dielecirics having
compositions in limited porticns of the system
Ba(0-MgO-Ti(); bave been determined by other
nvestigators. Wainer [2] found that the addition
of magnesia to barium titanate resulted in high
electrical lossee. Low losses, however, were ob-
gerved by Rieke and Ungewiss [3] on bodies with
compositions in a portion of the system MgO-Ti0,
(9 to 57 percent of TiQk). Thus it might be cx-
pected that portions of the ternary system would
represent compositions of bodies with low loszes,
and other portions would indicate compositions
of hodies with high losses. It was anticipated also
that many of these bodies would have a positive
or neutral temperaturs coefficient of dielectrie
constant because of the low temperature coefficient
of magnesium titanate reported by Rozenthal [4].

1 Figurtd in brackets fodicate the literstare refortoces st the tnd of this
baper.
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II. Preparation of Specimens and Methods
of Tegt

In the preparntion of specimens having the
computed compositiong shown in figure 1, chetmni-
eally pure magnesium carbonate was the souree of
Mg0. The titama, grade TMO, and harium
carbonate ware from the same stocks used in the
production of barium-strontium titanates 1.5

Ficrae 1. Terrary dicgram for sysem BaO-MpO-Tidy
showing comporiitana aludisd,
E=BAl; M=Mp0 T=T04
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In the fivst poper of this series, details are given
of the method for producing mature specimens as
indicated hy less than (.1 percent of absorption
{water basis). The proparties of the dielectrica
wera determined by the methods and equipment,
with one exception, previouely used. A crystal-
controlled oscillator was installed in the apperatus
for determining the effects of variation in tem-

peratura of the specimenz upon the dislectric
constant,

III. Results and Discussion

In table 1, data are given for the composition,
heat trestment, absorption, shrinkege, dielectric
conatent (K), and G-value (reciprocsl of the power
factor) of mature specimens.

Tasg ). Comporition, heal freaimend, obearpiion, shrinkege, didleciric conslanf, K, ond Q, of bodier in the spstem Bal-
MgO-Tilk
Froport koo af end Composikion Dlelactrle conatant, A at Raciprocsl, @, of power
members of Jolo, mgﬁt Heat, breatment 2% 0 and— fastor at 25% O and—
Bpecimen No.z | h”crr Bhrink
dsslgaution M- Tan e vom [ % | o |y 000| 20,000 |maroe| 50 | 1000 | 20,000 | 30100
214 widoy | B0 Mo Tils| "o0 | pem hefs | Bopn | keja | kgis | Eers | Ees | Eoe | ke
st= | parn- |Tlme
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Weght Weight | Per- | Per- | Per- Per-| Per-

pareeat Tt ceAl | cenf | emml | T 0 -
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BTIE ... .aua. | 1w, S| OOLA X, 1,5 1 .M 15, kL | T4 | - 1, F (1

D, Bad:

3T aTin
[ 'L I— Lok, O L1 | DR X2 TeE| 1,1ma 1,0 | [ﬁl 07 19 EL1 1 EL 4, 0l 1, 500
tBMA.__ .. _. .0 .0 45 1823 wiel 1,10 1,0 Y . 4.8 25 b1 b | 1 1)
BBMSE. - 473 Bxwl 13,0 1.9 6.0 1,100 1,275 | 14,1 45 H L 430
EBME. .. ___ 2.0 o 1235 &1 i L0 1&s 1l . 145 [ ) E— i o #o...
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ABME. .. ___ 0 0 64 a8.5 670 LT 1| . 1 oo e oms 1ms I 110
4B ___ bl 0 1.0 200 4% L, B0 i -m 1T 41 -l # iz 52 130
£EMa... ... L B0 | 15 134) 4% L, 500 i .o 148 L i . e
4BMT ... % TS| WA B4 &3 L, 300 i . 16.0 8 awal. =M oo W
tBMP. . 1 Ll 4.2 13 855 1, 300 1 . 14 | A4 | P— AT
BPTé ..o [ Wl | Ema....... 876 1, 390] 1| . 16, Y I ™1 85 =, 3 2, 500

AMg0: .

2T, Bal:3T[
MyT2 __..... 1M | P L B3 1, 345 i .0Q 15, 1 }ﬂ 16 3}]] S ENLLL
ARME. . L] ] 78 a9 BOLQ 1,315 1 .pa 15 ﬂ 13| 1,800 3 1, 100
JBME. (] 5 | 1me mil sodg 1,50 1 . 15. 7] 7 b 54 120
ABMG. ... ] o | = 0.1 1 | . 17.1 n @ ¥ 57 1 1z
ABMT. 25 5 -, [ [1] ol L if .M 17, 1 Sﬁ F -1 I 12
b1 i1, 15 as . d, i, 1. 1 . 15 L] 7 — L= L] .
EN TG B L] F i | 0| o 1. 1 18 & = | 7 B R L] ::-{ (R——
BT3.. .. ..... 13 10 ol ___ | 6l 1, 1] 1t 4 + 44 41N 1] 1) L]

*“Heal treated pravicusy (see (ahbe 2.
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TaBLE 1. Composition, heaf {realment, absorption, shrinkage, dicleciric conslant, K, and Q, o bodiea in lhe syslem

. Ba0-MgO-Ti0—Continued
Diglectrd K , af pgw!
i | CWERE™ | et tceationt il [l sk b
pecimen Moz | AP gk
dcsignation Mo 1 I | eee
IMe0: | Balh | mg | nego | Tioe| forl M| L000 | 20,000 (X104 B0 | 100D | MLOOD | 32X 104
Ti AT hi | Tew- , kefs | kofa | ke's | kcta | kefs | ke's | kos | oz
gt~ [ pars- | Tima
. tura
Wi i Fer. | Fere | Pare Fur- | FPur-
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73 o la.nl 6.6 5 100014 | .m| 1890 1 Lao| a0 8,000 1m0
0 # | ws a0 ey o, 1 M 1.7 o s@m| ...
L, 1] L] 4.8 20 M 1, 1, :‘ - 1Ly 1,30 1,100 M o7
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0 H EL S 1k 1) Ak 1.1 1, 20 1 .m 1% 3 1, 400 B 80 5]
b 1] 20 2 w0 S 1, 1, [T ] 18 3 4, 0060 THO 500 )
- 17 ar | 48 &6 soo 1, 1 i .o 181 Lem| 6| 0
A # | #8 25 e L 1, 1 .oof x| 1m 13 B L)
[ LD #4-. -] B 1, 1, 11 .92 18 4 1 k| Mo
A 2Bad;
= Ty ATidy
L1, o T (1)) 6 |- o 1LHE 1.4 I 1Y 1;‘ 2,00| 5 000
[ 0 wy 1, 1, t| .m0 s 1 = L, 600| 10, 000
” b w1l 1w 1, 1 .oof 18w 18 1, T00| 10, 00
o ] 4“1 LNy 1, 11 .pa JLN bl L) i)
B B 44, L1 1, 1 . 16. 9 Lk 270 84
5 1] Mol 1 1000 1,500 1 .ob 153 117 m i)
5 5 o0 L4100 LDbd 1 .m 159 15 ki) 430
up " .0 L0 125 i .m %3 207 480
5 " 439 Lo L soo 1 .o s =W Ltoo| 106
- @ 00 45,9 Lm0 100 1 .oof  maE emn il
AMgCHT10y| BaieTIO;
M4T. ... 0010 g Bha| 1,345 L425 I ] 17.2 12 LY 13 A 900
R 332 1,25 L35 1 .@m 7 14 Lt A6(>1, Xm0 1a, o0
) 233 1,8 1,380 I | T 1 bl :‘ 1108|2000
.8 128 1,mm 1 .m| o & 1] soa[ oo
e 128 13m 1 .oo| 3zaE 1w Mol 300
| Lam| L3 oy .o e = P
341 1.1pa 1,348 1 - 15 L B ] 1]
0 1,100 1,385 1 144 L] 0 L F
a 1,1m| 1,385 1 1548 1,040 -] 1] L)
Moal 1,1 1, 485 1 16, 1, 500 L1 80
3.3 1,48 1,385 1 1, 400 1 130
ES i
L
4.4 1,100 1,20 1 n 15 18 1B &, 0l B
80,3 1,10 i, 50 1. . L5 18 i1 1': 000 T 000
B 1,300 1,2 1l . 17 1 ] 2 3 i
sy 1100 176 1 . 12 ) 1) 1, S
s sum rma 31 .| sy ol 4| @ % 5
oo, 1, 1 .o ey I .
a8 L, 1 .o 150 ol
aPd 1, 1,3 | .m| 1% gl ..
8.7 L1000 1,21 1 .m| . 1
ang L 1, Y .o 1ma  soo |- 50
, 6.9 1,100 1, Y o  Iegl 1081, 1, M)
J

= Hent {reated previaesly (see tabla 21,
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The date for a given composition are considered
to be the most representative among thosa
ahtained from messurements of 4 to 10 specimens.

Measurementa at 3,000 mefs and 25° C, made
with the coaxial waveguide instrumeni, pave
values of K and @ that may be in error by n fow
percent for specimens of high dielectric constant.
In testing such specimens with this instrument,
the accuracy of measurements is8  dependent
largely upon the exact determination of the
nverage dinmeter of the central bole through the
specimen. The relation of composition of the
specimens to wpproximete maturing temperatura
is shown in figure 2. No attempts were made
to determine the range in temperature for the
production of mature specimens made from the
individual preparations. When the compozitions
were in the region of 2Mg(0:3Ti(),, the specimens
were difficult t0 mature. Deapite systematic varia-
~ tions in the duration and finsl temperature of the

hent treatrnents, thess specimens had 0.2 to 0.8
pearcent of absorption, Reheating the specimens,
however, to the same or highor temperatures
was effective in reducing the ahsorption, as
illustrated by the data in table 2. These com-
pozitions were near that of a eutectic in the ayatem
Mg(-TiO,[5].

The effects of systematically verying ihe
compasition of the specimens upon the walues
of K and @ may be obtsined from the data in
table 1. For example, when the content of

o€

Froure 2. Approarimale -moluring  lempergliure
after cqlcining ireqiment,

B=Bal; M=MgQ; T="TI.

TakLE 2. Effect of conscculive heat {regliments of tha zome
or Aipher femperabires wpen the ghserpiion of 2omte
ARECTNERS

Hent [reaktaent,
Sl.wh‘l'l-:'il;;mﬂrsim- Absarption
o
T!mam" Time
L b Perend
1,515 E| i 4
METI ... { 1 256 El .53
1, 30 - L
MT Lw0 | 3 g
1, 300 3 L
1,450 1 102
MIT 1, 370 1 LI
1, 38 1 S
IBMI . iaa-a { L 1 L5
1,30 1 -
3Bz R { Lald 1 40
1. 310 1 N

Ti0y i maintained at a given percentage within
the ranga 60 to 90 and MgO iz substituted for
Ba0, the values of {} are affectad more than those
of K. Subatituting a few percent {3 to 8) of Mg
for Ba0 causes & rapid decrease in the values of
#) from several hundred to 8 or 22 at a frequency
of 1 mefe and 25° C. Further substitution of
MgO for BaO results in & gradusl increase in the
values of @, which become high (350 to 4,000}
when the substitution is complate.

A similar substitution of MgQ for BaO causes
slight in¢reasge in the relatively low values of K
(34 to 74), followed by a decremse to the values
of K (16 to 47) characteriztic of specimens with
compoeitions in  this portion of the =ystern
MzO-Ti0; (60 to $0 pereent of T},

For specimenz having compositions in the
remainder of the system investignted, 33 to 60
percent of Ti();, the values of both A end § are
alfected preatly by the substitution of MgO for
Ba(. In this region of compositions, there is a
continucus decrease in the values of K from several
hundred, characteristic of the harium-litannta
specimens, to the low values of 12 to 14 typical
of the specimens of the mapmesinm titanates.
The variation in g-values is typifiad by & gradual
rise and fall followed by w rapid rize to the high
valttes (5000 to 10,000} characteristic of the
magnesinm  titenate epecimens with & content
of Ti(): less than 60 percent.

Soma ¢f the specimens having a relatively high
content of BaQ exhibited changes in the values of
K and @ with time after the final heat treatment.
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The data on K and @ in table 1, however, were
cbtained when such specimens had aged for 6
months or more, and no further changes m these
proparties wers cheerved.

The stability of the dislectric constant and
powor losses with respect to time was determined
by remessuring the values of & and ¢ at 1 mefs
snd 26° C for specimens stored 6 months at room
tomperature. Specimens containing more than
30 percent of Bo(} and less than 50 percent of
Ti0, had lower values of X and higher values of ¢
than when freshly prepared, as shown by the data
in table 3. The changes in K and § for specimen
BM6 nre illustrated in fizure 3. These changes
are reversible, becsuse a partigl restoration of the
original values of K and @ occurred when the
specimrena were reheated to 600° or 700° C.  Even
a moderste heat treatment to appreximately 100°
C* will ineronse the valve of X of a specimen that
previously had come to equilibrium at 25° C.
For example, specimen MB21 exhibited n decressa
in K from 897 to 808 in 8 months but when raheatad
to 85° C for 15 minutes and maintained at 256° C
for 6 hours, the value of K was 873,

Tanik 3. Changes in K and @ of some specimens, ol 25° C
ond [ mefs, affer 8 months

k e
Spacimgg&lmignn-
After 1| Aller @ Alter I | After &
dey | monihe 1 hatigh day | months Change
Fereend Fricand
a 450 Sl L
—1 114 L1 v
—14 158 {133 1M
—A Mk 500 j[kn)
-7 b= L] 1
-1 +a =1 a0
=13 i Ly o
-7 T+ w1 ]
BMI . ..ee-.- .- ar —3 Hm a6 .1
BM+ _____....... |1, L) —t k') 100 n
B4 20 5 -1 il = Lt
BM7T T8 s -1 bt 70 114
HME 1,040 i -1a L] wx ar
EMp 1,700 | Labi =17 Ha ™ -]
B 1,76 | 50| -13 350 a5 8L
IREREE. .. 2 o O 1,450 | 1,80 1
IBEMS. .. e L] L) o i1 Fio E+
RsME ... - e 114 —1i =0 il 152
111, 144 a7 —15 =] L] .51
Fi:1105E a1 o -2 1L L] ki
2E8MUs 26 T -1 183 195 x

M &
o 3 n
e o
’K_.x FokgmTry  GSE
L A
. 1
250 — S0
2eir— Fr's)
2ol \G\‘L 20
i il & 2 £ T -14)
faya

Fraoorr 3. Changes fn vafues of K and £ wilh fme affer the
maluring kool ireodmend,

D= K X=g.

In determining the stability of barium-mag-
tiesium titanates, some specimens were ineluded
from another investigation [1] on dielectricz with
eompositions in the gyatem BaO-5r0-TiO;, tabla
4, These data show that significant chebges,
mostly increases, in Q-values oueurred with most
of the specimens, The sipnificant changes in K
were Jecreases that oceurred when the specimens
contained wmore than about 30 percent of BaD
ond leas than approximately 55 percent of Ti(k.
In this group of specimens, the changes in K and
) were a maximum for specimens with sbout 40
percent of Bal,

Although decrenses in @-values may be attrib-
uted to moisture ndeorption, it is very improbable
that moisture also caused the values of § to in-
crease. Possibly slow changes in the erystalline
structure, such as inversion or variation in the
ampunt of solid solution, wre associsted with the
instahility of the specimena,

Althovgh the dislectric constant and power
losses of some specimens are affected by the ther-
mal histocy, the respective values of K and
become constant for given specimens when main-
teined at a constant temperature for several
months. Thue, the thermal history of aome titan-
ates iz one out of & number of factors that con-
tribute to variations in the dielectric constant and
power losses,

Changes in the temperature of the specimens
affect the dielectric constant. The date in
table 5, for specimens having compositions in
the aystem BaO-MgO-TiD,, were obiained by
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Tagim 4. Thanges in K and © of some apectmens, wilh componitiona in the spaiemi BaD-3r0-Ti(8, afier slorage for wmore iign
& manths
[Meazorsd &t 1 mc/a snd 24° C]
- Compogiikon welght K Q
Ehors
Bpecimen deslgnation . .
Afler Aher After Alter
Bad | 80 | T Timy | stormge | CPOm® | Fyon | iorgpe | Chenge
Morths % %
. 5 M7 i 1% 1] ] 2, 600 B, i) =+in
i 4] 20 1M 14 1} i1 i} +7
M2 BT b1} L 150 o 1) B -13
ma 53.7 " M7 140 | =—pa 1, 450 1,750 +1
2.3 53.7 17 123 132 —7 260 560 H
BB . e aea .8 13.5 557 b 153 150 - B 1,090 +98
BB o - - EL o) a6 =0y -] = (1] — L] TN +47
B eee e 4.5 o8 T -] A5 e ) -8 172 204 +4&5
R 2.8 T n a4 28 -y 102 130 =+
R, & T 3 o EL] -3 i ] &1 +13
B4 4, 8 T A 258 EeN 9, 000 £, b0d i
BO. 2 45,4 x 24 F L) .8 1, %00 =7 -8
) 41.2 =4 m b b by 360 ™ =10
L. . 38.3 e i 00 300 [} 1. 000 1,380 —
By e - Q.7 T Ll b} aTE 372 —L5 X, (M B0 —13
B e b N | A2 L] 13 451 uy -1 TEQ 1, 100 +
- S 3.7 2.4 434 12 Lii. L) i —f 1] T +M
4 5 157 4.5 13 Whly 2 1 =il 167 b =i
£ Y] N ) 4.8 13 1,670 s -4 1M 145 +45
b5 L .8 x Bl 5 -7 -] &) +13
.3 8 3.4 b ] i) Ty -4 B2 L1} +15
L % N A 3.9 n LI =T ] —a 38 E -] 415
6.2 50.3 @0 T o 5 -3 4, 900 +. 500 2
5.4 .2 B0 T B2 B6I —1 7,000 T, X0 i

= Changes are within experimsatal error in determinations.

measuring the dielectric constant at 1 me/s and
at 10-dep. intervals from —60° to +85° C.
Because the temperature at each interval was
maintgined constant for 15 minutes only before
measyrementa were made, equilibrium values of
K were not found for specimens with high con-
tent of BaQ. For stable specimens, the average
values of temperature coefficient of A, last
column of table 5, are considered to be oot batter
then X 10 ppm. or § percent, whichever is greater.
Approximately half of these values ara within tha
ange +120 to 4500 ppm. Where no values Ara
given, computations of the coeficient of K were
oot made, because large irregularities appear in
the curves for values of K plotted against iem-
perature. In order to illustrate the variation of
K resulting from changes in temperature and
composition, figures 4, 5, and & were constricted
for the temperatures --60°, 0% and B0° O,
resprectively. These diagrams contaln isodielectric-
constent lines derived from the data in teble 5,

22

w ’
M e B om & o & S0
Fiovpe 4. Conslamd K wilh vserying comporilion o
1 mefe at — 60" O,

The tnost frequently obsorved wvalue for the
diclectrie constant of MgTiQ; was I7 (table 1),
although values from 15 to 18 were found. Other
investiggtors have reported values of 17 [6} and
14 [7). Along the join MgTiQOpBaTiQ; the
values of K change gradually from 17 for Mg-

Journal of Reseaxch




& - 47
58 o7
¥ ot W A ) by oA
MO & N 4 S s Bo?
Frounk & Conslani K with veryging comporition at
1 mofe ad O O
Py
el

4
BE
B
Pl

Mr Lt

L .
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TiQy t¢ about 1,400 for BaTi(y. The specimens
with compositions in thie join exhibit no pesk
values of K within the temperature range —&0°
to +85° C in conirast to the peaks observed
previously for specimens with compositions in the
join SrTi0:-BaTiO, [1].

The effects of variation in frequency nod
composition on the ranges in valucs of @, measured
at 252 C, are illustrated In fgures 7, 8, and ¢ for
frequencies of 59, 1,000, and 20,000 ko/s, respec-
tively. The upper central portions of these dia-
grams show that, as the frequency is raised, there
is & considerable enlargement in the ares for comn-
positions with very low ranges in values of &.
Changes in frequency had the least effect upon the
ranges in values of @ for specimens with relativaly
high content of MgO and low content of BaO
and of Ti(,, as shkown in the lowar left regiona of
figures 7, 8, and 9,

With increasing frequency, B0 kefa to 3,000

Titcmate Dielectrics
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Fiaus® 7. Reamges in Q-malues wilh ocrying composdion of
25% C af 80 kels.

LT Ll h7d k'] "

o N
MG 2o R 40 S0 60

Fraorz 8.  Eanges in Q-valucs with worying compostlion al
B5® U at 1,000 Refe.

v

LY LY W LT4
0w = R w S & 2 Bad
Frourg 8. Ronget s Q-valuen with rorying composition of
£5° C gl 20,000 kefe.

me/fa, the low values of K (16 {o 78) tend to
decreaze when the content of Ti0; ranges from
60 to 9 percent. For specimens having lesa than
60 percent of Ti();, the diclectric constant tends
o remain constant at all frequencies used.
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Ihcreasing frequency causes more irregular
variations in -values than in those of K. For
example, specimens with compositicns io the
systemn Mg(-TiQ; tend to exhibit higher values
of £ at frequencies of 1 and 20 me/s than at thoese
of 50 kefs and 3,000 mefs. This trend 15 shown
also by the barium titanates with a content of
TiD, from 67 to 90 percent. The opposite
tendency, lower values of ¢ at intermedinte fre-
quencies than at the sxtremes of frequency, &
exhikited by specimens having compositions on
some of the joins {60 to 67 percent of Ti0k)
between mapgnesiom titanates and barium titan-
ates {specimens 4BM2, 4BM4, 3BMG5, and 3BMG
in tablae 1),

The percentage of linear thermal expansion was
fairly high, except the lower wvalue of M.Ts,
despite o wide variation in composition (table 6},
These dielectrics would be eracked by local heat-
ing to high temperatures. Consequently, pre-
heating at & slow rate would be necessary in
order to solder connections to the metal-coated
dielectrica,

TagLE 6. Linear .!.i%arma.i XN O

Temperatitrs rangs om 25¢ O to — |
Epeclmen -
dreaigmsdlon
100% 0| 200% | 300 O 400e O BT O | B0oe O T06° O
Per- | Por- | Par- | Per- | Far- | Per- | Fer-
e LRt okl ceRt cERt orit Lt
MTe e o | 013 [o@m (3L (4D | 0B | D60
OB ME. . - M 13 23 - ] b BT i
MT ... .0 I5 .| 36 A5 .58 ]
MHBar.. i 15 . 34 .iB .57 -}
MiT. .. 1] 13 -] = Lk .- i
MiT:. . L] L1 ] n -] . -6

IV. Summary

Dielectrics having compositions indicated by
points in the systemn BaTiOy-4MgO:Ti0w-Ti:
ean be prepgred from mixtures of titanium di-
oxide with barium and magnesium earbonates.
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Matura spacimeng, less than 0.1 percent of ahsorp-
tion, result from dry-pressing these calcined mix-
tures and heating the disks thus formed to various
temperatures within the range 1,250° to 1,425° C.

The diclectric constant, K, of matured speci-
mene varies from 12 {high content of Mg0) to
several hundred (high content of BaO). Most of
the epecimens hnve positive temperature coef- -
ficients of K. The {-values renge from 2 to
10,000 (high content of either MgQ or TiO.).
The values of K and 4 are affected by the thermal
history of specimens that have a content of Ba(}
greater than 30 percent nnd a content of Ti(, less
than 50 percent. The dielectrie constant de-
creases and {-values increase for severnl weeksa
ufter these specimens receive the final heat treat-
ment. Although reheating causes a reversal of
those changes in K and @, a decrease of X and an
increase of @ again occur with time, After re-
maining at & constant temperature for a few
months, these specimens have constant values of
K and Q.

Relatively high valuea of linear thermsl expan-
sion were obtained with specimens that varied
widely in composition,
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